Background. Several studies have reported that short-term recall measures of physical activity participation have acceptable repeatability, but in most cases employed convenience samples and did not use optimal statistics. In this Australian study repeatability was assessed on participants recall of activity over two different time periods and over the same time period. Methods. Two 14-day recall measures of physical activity participation were administered in two studies to randomly selected population samples of adults in Adelaide, South Australia. Intraclass correlation coefficients (ICC), 80% and 95% limits of agreement and the kappa statistic were calculated. Results. For a continuous measure of energy expenditure the ICC was 0.86 using recall of the same 2-week period (N = 115), and was 0.58 for activity recalled over different 2-week time periods (N = 116). For categorized energy expenditure (Inactive, Low, Moderate and Vigorous categories), kappa was 0.76 for recall of the same period and was 0.36 for different recall periods. Similar results were observed for continuous and categorical forms of a measure of physical activity that recorded frequency of participation in vigorous and moderate activities and walking. The 80% limits of agreement were markedly smaller than 95% limits of agreement, but were still large. Conclusions. These data suggest that the variation In repeatability coefficients between recall of the same 2-week time period and activity recalled over different 2-week periods was due to actual variation In physical activity participation over different time periods, and not to poor recall or to poor measurement characteristics. The recall measures appear to have good repeatability for most respondents, but repeatability Is poor for a substantial minority of the population.
asked to recall varying levels of detail ranging from the frequency of participation in broad classes of activity (e.g. activities that cause sweating and breathlessness) through to the frequency, duration and intensity of each activity in which the respondent participated over every hour of the recall period.
Findings of studies on the repeatability of different types of short-term (7-14 days) recall questionnaires for determining current physical activity levels 2 " 3 are summarized in Table 1 . These studies often found strong correlations between repeated measures, and concluded that the physical activity recall questionnaires used had acceptable repeatability. Potential problems with these methods include reliance upon Pearson or Spearman correlation coefficients, which are measures of association, not agreement. Also, many of the studies used non-random samples, which may have resulted in higher values for the repeatability statistics (because of more homogenous samples) and which would reduce the external validity of the findings. Bartko and Carpenter 6 have reviewed commonly used methods of assessing the repeatability of categorical measures (per cent agreement and x 2 ) and discussed the shortcomings of each. They, and other authors, 7 ' 8 have recommended the kappa (tc) statistic, which provides a measure of agreement for categorical data corrected for chance. Pearson's product-moment or Spearman's rank order correlation coefficients have commonly been used for the assessment of repeatability of continuous data, but are also measures of association, not agreement. 9 Alternative methods of analysis (the intraclass correlation coefficient (ICC) and limits of agreement) have been recommended by several authors for assessing repeatability in continuous data. 6 -910 Another potential problem in repeatability studies of physical activity is that a large proportion of a study population might report no participation at both test and retest measurements. These respondents would have identical zero values on both measurement occasions, potentially inflating the measures of reliability and masking the true reliability of self-reported activity among those who report some participation. An assessment of the reliability of any measure should consider the statistics derived from both the whole study sample and from the subset of respondents who reported participating in the activity of interest on at least one of the test occasions.
Finally, an implicit assumption underlying most studies of repeatability is that the object of measurement is fairly stable over short periods of time. If actual activity levels varied between two time periods, a low value of a repeatability statistic could be due to either true variation in the activities reported or to poor measurement characteristics of the instrument, or to both.
We examined the repeatability of two short-term recall measures of physical activity, using randomly selected population samples. We examined whether the exclusion of subjects who reported no participation on a particular measure on both test occasions influenced the results. We also examined the extent to which the natural variation in physical activity influenced estimates of the repeatability of physical activity indices.
MATERIALS AND METHODS
Two studies were conducted. In Study 1 (Repeatability of recall of activity for different periods), the questionnaire was administered on two occasions, 2 weeks apart, by the same interviewer on both occasions. In Study 2 (Repeatability of recall of activity for the same period), respondents were asked (on two occasions, 3 days apart) to recall their participation in physical activities over the same 2-week period. Other than this difference, all methods were identical between the two studies.
Sampling Method
Two independent samples of Australian adults, one for each study, were drawn from metropolitan Adelaide, South Australia, using a two-stage systematic random sampling procedure generated by the Australian Bureau of Statistics and designed to over-sample older people. Stage One was a computerized random selection of Census Collectors' Districts from metropolitan Adelaide. Stage Two comprised random selection of a start point and a predetermined skip between dwellings. Within a chosen dwelling every individual aged 2=45 years and every second person aged 18-44 years was selected in order to achieve an anticipated sample that reflected the census distribution of adult Australians.
Procedure
Informed consent was obtained from all participants. The questionnaire was administered in the respondents' homes by trained interviewers employed by the Australian Bureau of Statistics. In Study 1 the respondents were asked to recall their activity participation from the day preceding the interview. In Study 2 the respondents were first interviewed on a Sunday and asked to recall activity participation from the preceding day (Saturday). The re-test interview was conducted on the following Wednesday or Thursday and the respondents were asked to recall activity participation since the previous Saturday.
Measures
Two measures of physical activity participation were used."' 12 The precise wording of the questions is shown in Appendix One. In the first, respondents were asked to recall how frequently, over the previous 2 weeks, they had participated in vigorous activities ('exercise which made you breathe harder or puff and pant?'), moderate activities ('... exercise for recreation, sport, or health-fitness purposes which did not make you breathe harder or puff and pant?'), and walking for exercise or recreation. An index of total activity was constructed by summing the number of sessions of participation in vigorous and moderate activities and in walking. This produced continuous measures of frequency of participation in each type of activity and total activity (Activity Frequency measure).
For the second self-report measure (from which we derived 14-day estimates of leisure-time activity energy expenditure), respondents were presented with a list of 20 common leisure-time activities (Appendix Two) and asked to identify up to five activities in which they had participated, and state the frequency, average duration and perceived intensity (on a four-point scale) of participation in each activity. The rate of energy expenditure for each intensity of participation for each activity, in metabolic equivalents or METS (Appendix Two), was multiplied by the total time engaged in the activity over the last 2 weeks. The resultant values (Energy Expenditure measures) were expressed as kcal-d" 1 kg' 1 . These data were summed to yield total energy expenditure.
Finally, respondents were classified into one of four Energy Expenditure categories: vigorous, moderate, low or inactive (Energy Expenditure Categories). The criteria for each category were defined as follows: Vigorous activity-participation in an aerobic activity (Appendix Two) at least six times over the last 2 weeks for a minimum of 20 minutes per session at a selfreported intensity of very or fairly vigorous and a total energy expenditure value of ^3.8 kcald ' 'kg"'. The criterion of 3.8 kcal-d"'-kg"' is approximately equivalent to the 1600 kcal.fortnight" 1 used by Bauman and Owen" and Fitness Canada. 13 Moderate activity was defined as total energy expenditure value ^1.8 kcald"'-kg" ' and not included in the Vigorous category, and Low Level activity defined as total energy expenditure value 0.12-1.79 kcald'kg 1 , inclusive. Those classified as Inactive had total energy expenditures of <0.12kcal-d-'-kg-'.
Statistical Analysis
The analyses were carried out using the SPSS/PC+ statistical package. The data were checked for unlikely or out-of-range values and to ensure that they were correctly matched between test and retest. Kappa was calculated for the Energy Expenditure Categories measure. For the continuous Energy Expenditure measures and the Activity Frequency measure ICC and limits of agreement 9 were calculated. These statistics were calculated for the complete samples, and also for the respondents who had a non-zero value on at least one test occasion. Confidence intervals were calculated for ICC according to the method recommended by Snedecor and Cochran.
14 The values of kappa and the ICC were characterized as follows: <0.40 represented poor 15 Limits of agreement (LoA) were based on the frequency distribution of differences between test and retest scores on each measure of activity. Ninetyfive per cent LoA were calculated as twice the standard deviation of differences between test and retest scores and indicate the (absolute) value below which 95% of the differences between test and retest scores are likely to fall. Because the distributions of differences all showed strong kurtosis with long tails, 80% LoA were also estimated by simply identifying the range of differences (around the mean) which contained 80% of all difference values. The 80% LoA is presented as the absolute value of the range.
RESULTS

Representativeness of Study Samples
The proportion of respondents in each age group of men and women separately for both studies is shown in Table 2 . Also shown is the proportion of people in the population in each age group for men and women separately based on Australian Bureau of Statistics 1986 Census data. We tested the hypothesis that the distribution by age for both sexes in each study was not different from the distribution by age for both sexes in the population using the x 2 test (values of % 2 are shown in the last column of Table 2 ). For the Study 1 sample, the age distribution of men was somewhat different from the population (the sample contained a smaller proportion of 18-29 year old males and a greater proportion of 60-69 year old males than the population) and the age distribution of women was marginally significantly different from that of the population. For the Study 2 sample, the age distributions for men and women were not statistically significantly different from those of the population. That is, the Study 2 sample was representative of the population.
Study 1: Repeatability of Recall of Activity for Different Periods
Of the 190 households approached, 51 (26.8%) were non-responding (vacant, illness, out of age range or language difficulties). Of the remaining households, 81 (58.3%) yielded at least one respondent who completed both interviews. In all, 119 respondents provided complete interviews on both test occasions. Three cases were identified in which either the recorded age or sex did not match on the test and retest sets of values. These cases were excluded, leaving 116 cases for analysis. Because self-reports of energy expenditure >23.8 kcald"'-kg"' were considered cases of over-reporting, 16 they were excluded from the analysis of total energy expenditure. One such case was detected.
For the Energy Expenditure Categories, the value of K was 0.36 (95% CI : 0.23-0.49). Intraclass correlation coefficients and LoA for Energy Expenditure and Activity Frequency are shown in Table 3 for the complete sample and excluding the respondents who had values of zero at both test and retest (non-zero samples). For the Energy Expenditure measures, the ICC for both the complete samples and the non-zero samples were both in the fair to good range. The 95% and 80% LoA were approximately nine and two respectively for both the complete and non-zero samples. That is, 95% of differences between test and retest values of energy expenditure can be expected to be <9.0 kcald-'kg-1 .
For the Activity Frequency measure, ICC were in the fair to good range for all levels of activity for the complete samples. The ICC for the non-zero samples were fair to good for total activity and walking, but were poor for vigorous activity and fair for moderate activity. Compared with the values for the complete samples, the values for the non-zero samples were somewhat lower for vigorous and moderate activities, but not substantially different for walking or total activity. The LoA values were generally higher than for the complete samples, indicating less optimal retest reliability.
Study 2: Repeatability of Recall of Activity for the Same Period
Of the 103 households approached, 26 (25.2%) were nonresponding. Of the remaining households, 58 (75.3%) yielded at least one respondent who completed both interviews. In all, 115 respondents provided complete questionnaires on both measurement occasions.
For the Energy Expenditure Categories the value of K was 0.76 (95% CI: 0.67-0.86). For the Energy Expenditure measure, the ICC were all in the excellent range for the non-zero and complete samples. For the Activity Frequency measures, the ICC were all in the excellent range for the complete sample and the non-zero samples except the value for moderate activity, which was in the fair to good range. The LoA values were all lower than the corresponding values in Study 1 and were very low for each activity measure in the complete sample, suggesting very good retest reliability. However, in the non-zero samples the values remained quite high. DISCUSSION Taken together, the results of this study indicate acceptable levels of repeatability for these categorical and continuous measures of physical activity participation. For the Energy Expenditure Categories repeatability was modest for different reporting periods, but very good for the same reporting period. For the continuous measure of energy expenditure, the ICC were fair and the LoA values high for different reporting periods. For the same reporting period, the ICC values were high, but the LoA values were not as low as might be desired. Taken together, these statistics suggest that, for most respondents, the measure has acceptable reliability, but for a substantial minority of respondents recall of activity is not reliable.
Repeatability for recall of frequency of participation in different classes of activity was only modest for different reporting periods, but most values of the ICC were in the excellent range for the same reporting period. The LoA values, for the same reporting period, were much lower for the complete sample than for the non-zero sample, particularly for 80% LoA. We conclude that, for the majority of respondents, these frequency recall measures show good reliability, but for a substantial minority, reliability is poor.
One shortcoming of asking respondents to recall the same 2-week period on occasions only 3 days apart is that the respondents may recall at retest what they had said at the first test time, and not their actual activities. That the ICC for moderate activity (activitytype questions) was not as high as the correlations for the other activities in Study 2 suggests that recall of what had been said at the first test did not account for all of the increase in reliability. It is possible, however, that recall of the first report contributed somewhat to the larger correlation statistic values in Study 2.
The results of the studies reported here have important implications for the methods used in future studies of the reliability of leisure-time physical activity recall. First, studies should not rely on one statistic, but should consider different statistics to gain a more comprehensive understanding of the reliability of the measures. In addition, both the complete study sample and only those respondents who reported activity on at least one test occasion should be examined separately.
The results of our studies suggest that the lower repeatability of recall of two different time periods compared with recall of the same time period on two occasions is largely attributable to natural fluctuation in physical activity participation from one 2-week period to the next. That is, most respondents were able to recall accurately participation in leisure-time physical activities in which they participated over the previous 14 days, but the energy expended, and the number of episodes of activity may vary from one 2-week period to the next. There were clearly differences in the age distributions of the two study samples which may have accounted for some of the differences in the reliability statistics.
Most respondents are able to recall the types, frequency, duration and intensity of leisure-time activities over a 2-week period with sufficient accuracy to provide reliable estimates of energy expenditure. We recommend this measure for use in research contexts requiring such comprehensive data. The simpler measure of recall of participation in broad classes of activity also has acceptable repeatability, but may be improved substantially by including recall of duration of participation in each class of activity.
